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'  lbs  peculiar  problems  that  are  connected  with  the  use  of  live- 
Taeclnes  in  combating  virus  illness  first  really  became  evident  during 
the  development  of  the  oral  polioayelites  vaccine*  Adi  this  task  new 
principles  mere  need  and  these  in  turn  had  to  be  need  to  explain  the  devel¬ 
opment  of  older  vaoeines*  The  practical  experiences  with  live  vaccines 
often  ran  far  ahead  of  the  known  scientific  knowledge*  Therefore.  .mary 
basic  answers  must  still  be  forthcoming  on  basic-principles. t  Hrfeport 
is  limited  to  such  problems  which  appeared  to  merit  special  emphasis 
in  tbs  area  of  pook,  polio  and  measle  vaccines.  I  /This  limited  selection 


In  artificial  immnisations  with  live  vaoeines  it  is  known  that  con¬ 
ditions  of  a  subolinical  infection  exist.  We  use  strains  of  pathogens 
that  do  not  manifest  the  characteristics  of  illness.  They  mast,  however, 
be  almllar  to  actual  pathogens  in  thexr  replication  and  antigenicity  in 
order  to  offer  optimal  1— ml  I  j  This  goal  may  be  obtained  in  several 
different  ways*  It  is  possible  that  one  can  use  antigenicslly  related 
viruses  of  different  specificity,  for  example,  vaocinia  virus  with  pock 
proteotion  a a  la  shown  In  the  first  figure,  its  derivation  is  disputed* 


originally  protected  man  against  variolavirus  with  cowpox 
virus*  The  transition  to  vaccina  virus  is  to  have  taken  place  in  the 
turnon  lymph  in  subsequent  hxman  passage.  Other  authors  assume  that 
▼anoinia  la  a  modified  variolavirua,  which  has  lost  its  susceptibility 
for  am  because  of  animal  passage  (1,2,3).  It  is  interesting  that  in 
the  last  2$  years  it  has  no  longer  been  possible  to  propagate  verlolavlrus 
in  the  skin  of  animals.  Also  no  more  modifications  appeared  by  monkeys, 

1  egg  passage  (b-7).  The  change  from  variola  to  vmoolns  may  be 
Hie  than  tbs  result  of  a  seleotion,  a a  was  proved  by  Herr  11  oh  (8) 
studied  a  freshly  immunised  variola  patient  during  the  Heidelberg 


epidemic.  finally,  it  may  have  been  that  a  special  strain  of  variola 
changed  ini  vaccinia  through  cowpox  in  the  course  cf  an j  generations 
(7).  Today  we  have  three  independent  types  of  viruses  with  siailar 
properties  (7,9,10,11). 

In  awasle  prophylaxis  one  also  tried  to  use  antigenic  similarities 
for  Immunisation  purposes;  as  they  exist  between  measles  and  Staapevirus 
(trans?)  (12,  12a,  13).  The  protection  of  the  apathogenio  (far  nan)  di^ 
temper  virus  was,  however,  unsatisfactory  in  trials  in  Psnsaa  (lh). 
finders-fiuckle  proved  no  re  recently  that  mlniavirus  (7)  grown  in  monkey 
kidneys  is  useful.  This  is  identical  to  the  human  nsaale  virus  (IS)* 

It  lost  its  virulence  for  monkeys  after  very  few  passages  in  haaan  kidney 
cells;  its  antigenicity  was  not  lost  (16). 


1)  Edison* ton-strains  (Ebders/Boston)  isolated  from  human  kidney  cell  culture 
Vaccines 

A  -  6x  egg  embryo*  Ujx  chick  fibroblasts 
B  -  12x  egg  embryo  *  17s  chick  fibroblasts 
Boxen  -  Vaccine  A  *  3-igx  dog  kidneys 
Pitman- Moore  -  Vaooine  A  *  77k  chick  fibroblasts 

2)  USSB-£8-Strain  (Zhdanov/Moscow)  from  primary  human  amnion  tlssns  culture 
test  trial  -  egg  for  hatching  *  chick  fibroblasts  *  monkey  kidneys 

field  trial  -  proplolactoa  treated  monkey  kidney 

3)  Ioningrad-h -Strains  (Smorodintsev/Leningrad)  iaolatsd  by  human  tissue 
culture 

test  trial  -  9-lSx  egg  embryo  *  chick  fibroblasts 

field  trial  -  egg  for  hatching  *  chick  embryo  *  guinea  pig  kidneys 

U)  Toyoshlma  Strain  (Okune/Osaka)  isolated  from  primary  human  amnion 
cell  culture 

vaccine  -  28x  egg  for  hatching  (2£x  amnion  *  3x  allantoic  cavity) 

figure  2*  Derivation  of  strains  of  measle  vaccines 

It  is  known  that  good  results  are  possible  by  passing  the  pathogens 
themselves  through  heterologous  hosts  whereby  their  virulence  is  diminished 
for  humane.  Thia  is  how  yellow-fever  vaccines  are  made  (17,  18).  Some 
polio  strains  ware  also  attenuated  by  passing  them  through  rodent  bruins, 
primate  tissues  or  chick  embryos.  It  appeared  for  a  time  that  this  process 
might  have  been  suitable  to  produce  the  oral  vaccine  itself  (19-22). 

These  tedious  prooedures  were  of  little  meaning  practically,  sinoe  Sabin 
(23)  used  a  better  approach  to  successfully  make  oral  vaccine.  He  isolated 
virus  donee  which  were  practically  avirulent  variants.  These  finally 
were  used  for  tbs  oral  polio  vaooine. 

Tha  derivation  of  ths  present-day  measle  vueeinas  are  reviewed  in 
figure  2. 
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Madera  (2li)  first  succeeded  in  adapting  the  Bdmonston  strain  in 
"eggs  for  hatching*  and  in  chick  fibroblasts*  This  was  associated  with 
an  attenuation  of  the  virulence  for  nonkey  and  nan*  However  vaccine  A 
still  produced  fever  and  exanthema  in  most  sensitive  children*  further 
passage  did  not  lower  the  virulence,  even  if  heterologous  passage  through 
dog  kidneys  was  included*  Meanwhile  Schwarz  (25)  succeeded  in  attenuating 
the  strain  so  far  that  only  an  inapparent  infection  was  elicited.  Baa  dan 
and  Japanese  workers  attenuated  other  strains  and  used  these  in  field 
trials  with  results  similar  to  those  of  aiders  (26,  27,  28)* 

The  most  important  prerequisite  for  the  use  of  live  vaooinas  is  that 
the  properties  of  avirulence  and  antigenicity  remain  stable*  In  order  to 
detect  qualitative  alterations  we  required  others,  to  correlate  the 
gens  tic  markers*  They  represent  the  functional  equivalent  of  the  naeleo- 
proteln  structures  which  ars  responsible  for  the  malntalnanoe  of  their 
identity*  la  figure  3  the  "marker  picture"  of  the  vaccine  strain  and  of 
wild  strains  of  poliovirus  axe  shown* 

Maanovirulaaoo  Wild  virus  strain  Vaccine  strain 
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figure  3*  Markers  for  virulent  polioviruses  and  avirulent  vaccine  strains* 


It  is  most  important  to  test  the  neurovlrulenoe  in  monkeys*  This 
shews  the  limits  of  virulence  which  ere  tolerated  by  nan,  ▼ivemia  will 
be  discussed  later.  In  vitro  markers  are  the  different  sensitivities  of 
the  strains  to  varying  propagation  conditions;  low  HCO^ -concentration  "  d 
marker  (29),  or  elevated  incubation  temperature  -  T  marker  (30),  or 
AIQL3  (31)*  The  different  susceptibility  of  individual  strains  is  used 
-  MST  marker  (32,  33);  or  the  resistance  to  physical -ahemi cal  influences 
*  cystine  marker  (3b).  Surface  properties  of  virua/particle s  say  also 
be  included  (35)  -  Xlatioa  marker*  Haas  et  al  (36)  worked  extensively  on 
the  latter  phenomenon*  The  tenmmarksr  should  be  the  most  stable  marker* 
The  neutralisation  teat  Jty  specific  antiserum  of  McBride  (37)  is  lass 
dependable  than  the  Meeker  test  (38),  which  measures  the  affect  of  the 
antibody  on  plaqne-sise  and  number. 
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The  Edmonston  strain  of  neasle  vaccine  and  tbs  wild  type  vims  ars 
different  in  many  Barkers;  different  cytopathic  effects  In  different  cell 
culture  systems,  hemagglutin  formation,  enzyme  activity,  as  wall  as  their 
teapei \ture  and  07  resistance  (39,  U0-U2). 

If  we  want  to  study  the  stability  of  the  vaccine  viruses  then  we 
must  concern  ourselves  with  the  genetic  variants*  file  elucidation  of  its 
genetic  basis  is  difficult,  because  we  are  not  dealing  with  individual 
virus  particles,  but  at  best  with  the  derivative  of  a  part  thereof*  If 
the  behavior  of  the  variants  is  to  be  analysed  in  terms  of  the  modem 
theory  of  evolution,  we  have  to  know  the  distribution  of  the  genotype 
in  the  original  and  final  population.  The  type  and  frequency  of  entatiene 
as  well  as  the  effect  of  environment  must  all  be  considered* 

In  order  to  obtain  this  information,  we  require  pure  virus  clones, 
which  are  clearly  differentiated  in  their  phenotypic  markers*  Clone- 
isolation  may  be  done  by  plaque  technique  or  by  means  of  continuous 
dilution  passages. 

Supposedly  the  vaccine  strains  can  replicate  under  lab  conditions  as 
well  as  in  a  vaccinated  host.  The  progeny  are  genetically  different  from 
the  original  virus  particles.  With  polio  these  differences  are  evident 
from  the  in  vitro  markers  all  the  way  to  the  return  of  full  virulence  in 
monkeys.  This  is  seen  most  with  strain  III.  The  exi stance  of  neurovirulant 
variants  is  only  noticed  after  injection  directly  into  the  brain  of  monkeys, 
because  these  components  act  selectively  in  this  tissue.  There  are  areas 
of  sensitivity  in  the  neurotropic  spectrum,  which  are  not  dangerous  if 
the  infection  starts  in  the  intestine.  The  reversion  to  wild  type  occurs 
either  in  a  single  mutation  step  or  stepwise  through  partial  reversion, 
as  was  observed  with  influenza  (U3-U5)  and  poliovirus  (1*6).  Host  induced, 
changes  (li7,  U8)  may  be  seen  phenotypically,  even  if  gsnotypie  changes  worm 
not  excluded  (U9). 

The  antigen  structure  which  was  preferred  as  an  index  in  the  characteri¬ 
zation  of  the  vaccina  and  wild  strains  was  thought  to  be  particularly 
stable.  New  data  seem  to  indicate  that  the  antigen  of  Sabin  strain  type  I 
■  in  intestinal  passage  is  lass  stable  than  that  of  type  HI  or  of  the  Lederle- 
etrains  (50,  $1).  Therefore,  the  serum  marker  is  also  not  a  dependable 
fingerprint  for  the  origin  of  a  strain. 

The  rate  cf  change  is  limited  by  the  number  of  loci  in  the  genome, 
which  control  the  properties.  If  it  is  controlled  from  only  one  gene 
locus,  then  it  should  be  less  stable  as  when  the  combined  activity  of 
several  loci  is  involved  (50).  The  different  stability  of  soma  marker 
after  intestinal  passage  is  dependent  on  the  mutation  rate  of  the  polio 
strains.  The  mutation  rates  are  rather  different  for  the  different  polio¬ 
virus  strains  ($2).  This  fact  should  also  be  considered  in  selecting  a 
strain  for  immunisation  purposes. 
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Mutations  with  saw  biological  properties  are  known*  This  nay  also 
be  achieved  artificially  by  neans  of  mutagenic  agents*  Sohraaa  and  c  o- 
workers  (1958)  hare  obtained  good  results  with  the  nitrite  experiment  (5U, 

55,  56)*  The  node  of  its  action  was  first  explained  by  using  tobacco 
aosaie  vims  as  a  model-system  (57,  58)* 

stations  with  virulent  and  attenuated  polio  strains  were  also  obtained 
by  using  nitric  sold  (59,  60 )  •  This  treatment  lead  to  a  deamination  of 
purines  (adenine,  guanine)  and  pyrimidine  bases  (cytosine)  of  SKA.  (6l)» 

In  this  process  reversions  may  occur  in  genetic  markers  (59).  In  these 
experiments  dlrset  utilisation  of  naked  RNA,  as  carriers  of  the  genetic 
information  was  shown  to  be  more  successful  than  the  effeot  on  the  intact 
virus  particle  (62). 

Another  way  to  make  vims  mutations  may  be  at  hand  in  the  method 
described  by  Sahnam  (63)*  This  method  makes  apuxdn-lXtt*  TEapprine  bases, 
adenine  and  guanine  may  be  split  off  easily  with  weakly  acidic  solutions, 
without  breaking  the  chain  of  the  molecules.  According  to  Schraan  (64) 
it  may  be  possible  to  fill  these  gaps  selectively  with  purines  or  pyrimidines 
and  in  this  way  make  new  nucleic  acids  which  have  unknown  biological 
properties  and  functions. 

Us  constantly  use  the  concept  of  virulence  without  being  able  to  de¬ 
fine  it.  Virulence  always  represents  a  phenomenon  of  different  origin  and 
behavior  for  a  cell  of  an  organism.  The  mechanism  of  virulence  of  viruses 
in  the  final  analysis  involves  the  surface  and  metabolism  of  a  host  cell. 

It  actively  uses  the  host-cell's  metabolism.  To  explain  these  events, 
the  discovery  of  Interferons,  made  by  Isaacs  and  Idndamam,  may  prove  to 
have  an  isportant  role.  Interferon  is  a  cellular  protein  which  acts  on 
viruses  and  ia  responsible  for  interfering  in  virus  growth  and  for  pro¬ 
viding  resistance  to  cells  after  virus  infections.  Interferon  synthesis 
Is  induced  by  the  avirulent  strains  of  measles  and  polio  (66,67),  which 
ere  actually  very  sensitive  to  its  antiviral  action.  The  fully  virulent 
wild  strains  either  actively  circumvent  this  mechanism,  or  Inhibit  its 
activation  in  a  oell  (68).  Perhaps  this  path  will  lead  to  a  dependable 
virulence  marker. 

Vow  let  us  tun  to  the  behavior  of  the  vaccine  viruses  within  an 
organism.  Here  we  do  not  even  know  very  much  about  the  well-known  vaccinia 
virus.  Therefore  we  cannot  answer  the  question  of  bow  the  vaccine  com¬ 
plications  arise  in  the  central  nervous  system.  After  a  local  reaction 
at  the  site  of  injection  end  a  hasty  vlremia  the  vaccine -virus  disappears. 
Maximal  vlremia  occurs  between  day  5  and  7  (Hersberg,  69),  and  should  not 
exseed  100  elementary  particles  per  ml  of  blood.  If  virus  is  found  after 
10  days  this  is  considered  abnormal. (67,  70).  It  is  now  known  whether 
vlremia  can  occur  97*100  days  after  injection.  Alivlsatos  (71)  has  mads 
this  a1  however,  some  doubt  exists  against  this  hypothesis  as  well  as 
against  his  hypothesis  of  immature  virus  In  the  blood.  We  still  do  not 
know  if  and  where  replication  takes  place  in  the  blood  (72-7U).  Vaccinia 
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virus  (Qino,  75)  is  separated  out  by  the  tonsils  after  3-b  days.  However, 
these  findings  could  not  be  repeated  recently  (76),  using  nodena  culture 
techniques. 

Vaccinia  virus  thus  far  has  not  been  found  in  fluid  or  in  brain  during 
the  normal  course  of  vaocination  (70,  7b,  77-79) •  Whether  the  occassional 
evidence  for  virus  during  encephalitis  vaccines  is  important  pathogenically 
must  still  await  further  work  (79,  8o). 

The  measle  vaccine  strains  are  extensively  attenuated  in  their  ability 
to  attach  and  invade  a  host,  so  that  the  infection  occurs  only  unregularly 
in  the  normal  manner  (81,  82).  Therefore  the  parenteral  route  of  adminiatr** 
tion  is  preferred  (83,  84).  The  Edmonton  strain  was  only  found  twiee  in 
blood  and  once  in  the  throat  (8l)j  the  Leningrad  strain  was  found  more 
frequently  (82).  Either  the  latter  is  less  attenuated  or  the  cell  system 
used  to  show  its  presence  is  more  sensitive.  Since  virus  is  not  released 
contact-infections  have  not  been  observed  after  measle  vaccinations  (85). 

The  measle  vaccines  despite  their  excellent  i— pulsation  effect  have 
not  been  used  for  other  cases  (83,  8b,  86,  8?),  since  about  80?  of  the 
vaccinated  subjects  show  weak  measle  symptoms.  It  does  not  adversely  In¬ 
fluence  chronic  cases  (83,  8b,  88-90).  Only  leukemia  acts  differently 
(91,  92).  Complicating  factors  after  vaccination  are  usually  secondary 
infections  of  the  respiratory  system  (93.  9b).  Bren  though  during  real 
measles  EBQ-alterations  are  observed  (95 J  this  does  not  appear  in  vaccinated 
subjects  even  if  they  showed  a  fever  spike  (85,  95).  Administering  up 
to  10*  gamma  globulin  suppresses  the  undesirable  affects  of  the  vaccine. 

It  must  be  dosed  properly  and  administered  separately  (97,  98).  This 
does  not  alter  immunization  (99,  100 ). 

A  rather  new  problem  has  appeared;  that  viruses  can  influence  chromosome 
morphology  in  mammals.  Xn  tissue  culture  herpes  infection  induces  chromosomal 
aberrations  and  chromosomal  breaks  during  metaphase  of  the  initial  cell 
division  (101)*  Bren  though  the  measle  virus  can  replicate  in  leucocytes 
(96)  no  deductions  about  lymphocytic  leukemia  can  be  made 1 there  from. 

The  purely  hypothetical  thought  that  potential  carcinogen  could  be 
carried  over  with  lire  vaccines  is  equally  applicable  for  occasional  im¬ 
purities  (103rl06)  of  foreign  viruses  (eg.  S*]^,  Adeng  12  and  18)  and  for 
heteroploid  oe  11 -cultures  which  could  possible  cause  a  malignant  trans¬ 
formation  (107). 

A  serious  problem  is  presented  by  the  numerous  viruses  present  in 
monkey  kidney  cells  (lOS-110).  To  prove  the  presence  of  these  viruses 
is  difficult  because  the  technology  of  these  analyses  is  not  far  advanesd 
(Hi)  aa  was  demonstrated  by  the  Outter-aceldent  with  Salk  vaoeins,  or 
SV^-virus. 

The  danger  of  Ijqnxrlties  nay  be  diminished  by  using  substitute  for 
monkey  kidney  sells,  eg.  primary  human  cells.  This  is  usually  not  dona 
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teeMM  of  the  danger  of  unknown  human  pathogenic  viruses,  like  hepatitis 
virus*  However,  permanent  cell  lines,  like  Hela  or  Hep-2  cells,  are 
usually  free  of  viruses.  These  are  not  used  extensively  because  of  their 
altered  ehroaosome  picture,  which  resembles  that  of  tumor  cells*  Hayfliek 
and  Moors  he  ad  (117)  recconended  using  human  embryonic  kidney  or  lung  cells 
for  human  vaccine  production.  These  cells  retain  their  euploid  chromosome 
picture  for  a  certain,  limited,  number  of  passages.  One  may  completely 
omit  nai — cells  and  adapt  pathogenic  strains  in  ehieh  embryos*  This 
was  done  by  Cox  with  polio  type  II  and  III.  These  are  not  completely 
free  of  "replicating"  antigens  (113,  Hit).  1  refer  to  a  virus  of  the 
parsinfluense  group  which  was  found  in  embryos  of  numerous  Osman  chlokin 
raisers  by  Ehders- Buckle  (115). 

It  is  possible  to  suppress  or  illuminate  undesirable  viruses  in  cell 
cultures  by  addition  of  insane  sera,  also  differential  inactivation  wLth 
toluidlno  blue  and  visible  light,  or  purifying  with  ion-exchangers. 

These  procedures  may  affect  the  genetic  stability  of  the  vaccine  and  this 
must  be  taken  into  consideration. 

live  vaccines  should  be  free  of  impurities  of  inducing  antigens,  re¬ 
gards  as  of  whether  their  pathogenicity  is  known  or  not.  However,  the 
specifications  era  variable  today.  For  example,  bacterial  sterility  is 
not  guaranteed  with  pox  vaccines.  Ms  recently  investigated  12  vaccines* 

(his  French  vaccine  contained  300  germs/ml  which  belonged  to  8  different 
types  of  bacteria  and  fungi*  German  vaccine  preparations  were  also  con¬ 
taminated  with  antibiotic  resistant  Hnterococei  and  strains  of  moulds* 

The  pox  vaccine  was  particularly  in  need  of  purification  and  control. 

This  refers  to  its  genetic  basis,  method  of  production,  government  testiig 
and  doss  to  be  used  for  immunization  prophylaxis. 

I  would  like  to  now  go  into  some  of  the  problems  of  the  oral  polio¬ 
virus  vaccine;  intestinal  re  sis  tare  e,  Tire  mi  a,  and  finally  vaccination 
complications. 

The  oral  vaccine  induoes,  like  the  natural  infection,  a  serological 
msasureable  Insanity,  which  goes  much  higher  than  the  Salk-vaccine.  The 
oral  vaodne  leaves  a  local  resistance  to  reinfection  with  the  homologous 
type  in  the  intestinal  tract  and  mucous  membranes.  This  is  responsible 
for  the  suppression  of  tbs  wild-type  strain  along  with  the  interferanoe- 
mschsnism.  This  intestinal  resistance  is  thought  to  be  s  local  osll 
insanity  and  should  be  independent  of  the  humoral  insanity  (23,  116-118, 
122). 

In  a  vaooine  trial  with  95  children  and  adults  we  found  (to  be  published 
soon)  (119,  120)  that  e  clear-cut  separation  between  humoral  and  local 
Immunity  is  not  Justified*  This  became  apparent  by  oosqparlng  virus  sep¬ 
aration  from  vaccinated  subjects  with  different  prevac clnation  antibodies* 

As  may  be  seen  in  figure  U  practically  all  children  and  adults  re¬ 
leased  tbs  polip  type  I  strain  into  throat  and  stool  after  feeding  of 
shout  300,000  "tissue  culture"  units  of  type  I  vaodne*  IT  high  pre- 
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vaccination  titer  of  antibody  was  present  the  percentage  liberated  da- 
creased*  The  differences  shown  are  statistically  significant*  Above  a 
middle  titer  no  further  effect  was  evident* 

Hie  dose  relationship  of  the  humoral  and  intestinal  insanity  is 
made  still  clearer  in  figure  5*  Here  the  "time  to  release"  in  the  throat 
and  stool  in  various  groups  is  compared*  The  majority  of  folly  receptive 
children  released  the  vaccine  virus  at  least  by  18-28  days*  With  in¬ 
creasing  prevaccination  antibody  level  the  time  as  wall  as  the  concentration 
was  correspondingly  lowered.  Even  with  maximum  titer  a  short  term  release 
waa  possible.  The  vaccine  virus  disappeared  by  3  month  after  vaccination 
in  our  population  at  the  latest*  These,  and  other,  results  point  to  a 
dose  correlation  between  humoral  and  lood  immunity*  Based  on  newer 
work,  there  remains  little  doubt  that  antibodfe  a  also  act  on  the  mucous 
membrane  of  the  intestine  (121-123)* 

Discussions  still  are  heard  about  whether  an  age -dependent  resistance 
influences  the  replication  of  the  vaccine  virus  (1210*  If  one  looks  at 
anti-body-negative,  small  children  and  adults  then  the  release  is  actually 
reduced  by  about  half  In  adults  compared  to  the  children* 

As  can  be  seen  in  figure  6  also,  the  age-dependent  resistance  is, 
however,  an  immunological  phenomenon.  In  most  adults  antibody  formation 
starts  earlier  and  leads  to  higher  titers  than  in  children*  M»st  adults 
had  to  release  their  polioantigen  during  the  time  that  children  were  still 
inexperienced. 

like  for  the  pathogenesis  of  polio  the  important  vlrenia  was  not 
found  for  a  long  tins,  so  it  remained  hidden  for  the  oral  vaccine.  AH 
attenuated  strains  appeared  to  have  lost  the  ability  for  vlremia  as  well 
as  their  neurovirulence.  However,  it  was  later  found  that  the  Dederle 
strain  of  type  I  and  in  (125,  126),  the  Fox  strain  (127)  and  the  type 
II  Sabin  strain  can  all  cause  vlremia  (128-130)* 

A  short-term  vlremia  was  observed  for  oral  vaeoine  of  type  I  (119, 

120,  131),  which  was  hard  to  determine  because  the  methods  lacked  sensitivity* 
Vlremia  may  be  a  prerequisite  for  stimulation  of  antibodies,  as  well 
as  for  reactions  observed  after  vaccination. 

The  foreign  reports,  which  claimed  that  no  reactions  or  other  comr- 
plications  were  to  be  expected  with  the  oral  vaccine,  were  received  with 
skepticism  by  us,  since  we  i  anted  that  no  risk-free  vaccine  process 
existed.  With  the  Sabin  stiuxns  less  risks  were  to  be  expected  from 
the  start,  because  of  their  very  minimal  newro virulence. 

Figure  7  helps  explain  the  vaccination  reactions  and  complications. 

A  well-known  scheme  is  presented;  the  relationships  between  tbs  pathogenic 
processes  and  the  clinical  reactions  of  natural  poliomyelitis.  .  The  phase 
of  vlremia  and  virus  release  into  throat  and  stool  is  represented  by 
the  dotted  area*  Since  the  dose  of  virus  in  this  experimental  infection 


«aa  higher  than  under  natural  conditions,  the  virus  release  into  throat 
and  stool  reached  maximum  after  2-U  days.  Viremia  also  occurred  correspondingly 
earlier.  Also  the  incubation  period  of  the  vaccine  reaction  oust  be  shorter. 
This  ms  already  observed  by  the  many  minor  illnesses  about  which  Lexmartz 
X132,  133)  and  Wohlrab  (13U)  have  reported.  Even  if  vaccine-damage  occurred 
a  shortening  of  the  incubation  period  should  be  expected. 

How  should  vaccination-damage  be  defined?  Zf  nothing  is  known  the 
worst  that  would  be  expected  are  the  usual  polio  symptoms;  not  only  paralysis, 
but  also  a  paralytic  illness.  The  reduced  neurovirulence  must  also  be 
taken  into  account  along  with  the  shorter  incubation  period;  on  might 
expect  early. partial  paralysis.  Whether  other  trouble  should  be  expected 
oannot  be  answered  thus  far. 

A  casual  relationship  between  central  nervous  system  disturbance  and 
vaccination  can  only  be  proved  if  the  vaccine  virus  can  be  isolated  from 
the  CHS.  This  has  not  been  possible  in  any  cases  with  the  Sabin  strains. 

We  have  to  be  satisfied  with  the  uncertain  decision  guessing  whether  the 
polio  vaccine  virus  can  be  released.  Pette  (135)  recently  offered  some 
contrary  views  to  those  of  Schaltenbrand  (130)  who  claimed  he  had  such 
cases.  The  most  important  objection  is  one  that  says  that  biologic  basis 
for  any  conclusion  is  lacking.  An  important  observation  has  been  made 
by  Kruecke  (137).  He  isolated  material  from  four  vaccinated  patients  who 
died.  The  material  gave  symptoms  of  herd  encephalities  with  characteristic 
markings  in  the  area  of  the  peripheral  and  CHS. 

Difficulties  in  de terming  the  meaning  of  experiments  are  not  only 
encountered  by  clinicians  and  pathologists,  but  also  virologists.  The 
data  that  virus  appeared  in  the  throat  and  stool  after  vaccination  is 
not  evidence  that  a  causal  relationship  exists  between  trouble  and  vac¬ 
cination.  It  merely  shows  that  the  virus  was  released  and  that  a  complication 
may  arise.  It  is  more  difficult  for  the  virus  to be  identified,  either 
with  the  vaccine  or  wild  strain,  the  later  the  isolation  of  the  virus  is 
undertaken  after  vaccination.  Gelfand  (138)  recently  pointed  out  that 
the  interference  mechanism  may  also  play  an  important  role  in  this  process. 

Despite  all  these  reports,  we  believe  that  in  the  U.S.A.  as  well  as 
in  W.  Germany  in  the  spring  of  1962  vaccine-damage  was  observed  with  a 
type  I  strain.  To  be  sure,  there  were  \&ry  few  eases.  A  summary  of 
material  from  several  provinces  is  listed  (see  also  article  by  experts 
of  the  German  Society  for  Protection  Against  Polio;  Deutsch  Med.  Wochschr. 

88,  1821,  1963). 

■  The  suspicion  was  first  aroused  on  cllnical-epedemiological  grounds* 

In  Hassle,  Baden-Wuentenberg  no  clinical  eases  of  polio  type  I  were  observed 
in  the  months  preceding  the  vaccination.  Also  no  strains  of  wild  type 
ware  isolated.  As  oan  be  seen  in  figure  8,  9  oases  of  paralytic  polio 
oocurred  in  the  spring  of  1962  after  the  oral  vaccine  was  administered 
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to  6  Billion  participants.  The  cases  were  not  in  the  saae  place.  In 
all  cases  the  vaccine-virus  was  isolated  from  stool  and  antibody  elevations 
were  determined.  This  meant  that  release  had  occurred.  The  incubation 
times  were  5-13  days.  One  case  which  had  previously  received  3  Salic 
vaccinations  started  to  show  complications.  From  this  child  vaccine 
virus  was  isolated  from  stool,  but  simultaneously  also  Coxsaehie  virus 
Bjj  was  isolated  from  fluid.  Furthermore  a  hypo-ganaa  globiakoLa  existed 
which  explains  why  antibody  was  not  demonstrable.  Since  this  involved 
a  long  paralysis,  the  basis  for  the  damage  was  suspected  to  be  derived 
from  the  vaccine. 

Hie  relatively  numerous  cases  reported  of  facial  paralysis  are  widely 
distributed.  Among  these  were  several  cases  of  aseptic  meningitis,  which 
may  also  have  been  derived  from  vaccinations. 

With  these  references  I  would  like  to  end  my  report.  The  problems 
described  illustrate  the  limited  extent  of  our  knowledge.  We  must  admit 
that  more  questions  remain  unanswered  than  solved.  Xbe  success  of  the 
live  vaccines  is  not  only  the  fruit  of  human  research,  but  apparently 
some  thanks  must  be  given  to  nature  for  some  favorable  condition#. 
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figure  8.  Incubation  times  oft  »)  36  facial  paralysis  «nd  ibdntta 
parasas  (9*5  Billion  persona  vaccinated)}  b)  9  paralortio 
Mitt  of  polio  (6  million  persons  vaccinated)* 
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